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Over the centuries, a signiﬁcant part of the Brazilian fauna is widely sold, more speciﬁcally in retail stores or street markets. The
objective was to characterize the sale of medicinal animals in ﬁve large northeast cities. Information about the sale of zoothera-
peutic items was obtained in the cities of Aracaju-SE, Fortaleza-CE, Maceio-AL, Recife-PE, and Salvador-BA. A total of 68 animal
species were sold for medicinal purposes in the cities studied; these are the ﬁrst results on the use and sale of zootherapeutics
in the markets of Aracaju, Fortaleza, and Salvador and ﬁrst recorded on the medicinal use of the Achatina fulica, Trachycardium
muricatum, Philodryas olfersii, Desmodus rotundus, and Leptodactylus vastus. Knowledge of the fauna utilized popular medicine is
indispensable for conservation, demonstrating that research on this subject is necessary to determine appropriate practices for the
management of the fauna.
1.Introduction
Brazilhasarichdiversityofanimalspecies,which,alongwith
its extensive cultural diversity, is reﬂected in a complex
knowledge of the uses of faunistic resources [1–3]. Over the
centuries, a signiﬁcant part of the fauna has been utilized
for alternative therapeutic agents by diﬀerent people of the
country [1, 4], a practice that has been perpetuated since
colonial times and currently is widely spread among rural
and urban communities in various regions of Brazil [5, 6].
In the cities, zootherapeutic products are widely sold, more
speciﬁcallyinretailstoresorstreetmark etsasnotedbyrecent
ethnozoological studies [1, 4, 7–12].
Studies carried out in stores and street markets for the
purpose of evaluating the commerce of medicinal animals
are scarce [13]. Albuquerque et al. [14]a ﬃrm that these
outlets can, on a small scale, represent the biodiversity of
a region, making it possible to identify areas of extensive
exploitation, whichcanprovideinformationtohelpmonitor
the regional biodiversity. From an ecological perspective, the
sale of plants and animals at these locations makes them im-
portant, since the demand for these resources can have direct
and indirect implications on the diversity exploited. Thus, as
pointed out by Almeida and Albuquerque [7], the informa-
tion obtained in these commercial centers can be utilized for
the formulation of rational strategies in the commercializa-
tion and use of these resources.
Considering that various animal species sold for medici-
nal use are on lists of threatened species [15], the ecological
implications associated with this modality of exploitation of
fauna are evident. Whiting et al. [16] noted that biologists
and ecologists have neglected information about traditional
commerce in devising strategies for the conservation of the
species utilized for the production of traditional remedies.
Therefore, ethnozoological studies are important, because
they provide information about the species utilized for tradi-
tional purposes (medicinal, religious, food, etc.), which can
contribute to the development of actions that allow the
maintenance of faunistic resources [7, 13, 17].2 Evidence-Based Complementary and Alternative Medicine
In Northeast Brazil, the commerce of zootherapeutic
products is common. Recent studies conducted in 10 cities
in the region [5, 12, 18–22] demonstrated the existence of
intense use and commercialization routes of animals for
medicinal purposes among these cities. However, there are
still gaps concerning the richness of traded species, which
makes it diﬃcult to evaluate the magnitude and impact of
this commerce on natural populations of the animals invol-
ved,aswellaspotentialimplicationsofsuchusesforthepub-
lic health of local users.
Despite the existence of information on the sale of ani-
mals for medicinal purposes in some important cities of
Northeast Brazil, such as Aracaju-SE, Fortaleza-CE, and
Salvador-BA, there are no published data available. For the
cities of Maceio-AL and Recife-PE, although the commerce
of medicinal fauna has been previously investigated, the list
of species presented does not include all taxonomic groups
but shows few animals identiﬁed at the species level.
The objective of the present study was to characterize the
sale of medicinal animals in ﬁve large northeast cities. More
speciﬁcally, the work aimed to (i) list which animals are sold
for medicinal purposes in the capitals of the states of Sergipe
(Aracaju),Cear´ a(Fortaleza),Alagoas(Macei´ o),Pernambuco
(Recife), and Bahia (Salvador); (ii) evaluate the versatility of
the animal species by calculating the relative importance;
(iii) test the idea of utilitarian redundancy; (iv) compare the
degree of similarity between the localities sampled; (v) esti-
mate the richness and diversity of species traded; and based
on this information, discuss aspects related to conservation
and public health associated with the medicinal fauna com-
merce in Brazil.
2.MaterialsandMethods
2.1. Area of Study. Information about the use and sale
of zootherapeutic products was obtained in the cities
of Aracaju-SE, Fortaleza-CE, Maceio-AL, Recife-PE, and
Salvador-BA (Figure 1). In Maceio and Recife, prior studies
on the sale of zootherapeutic products have been carried out
[5, 22], where the ﬁrst involved only one taxonomic group
(reptiles) and both works did not show information on the
number citations among the vendors, which prompted us to
include these cities in our research.
2.2. Procedures. Field work was undertaken during the pe-
riod from January to November of 2010, in public markets
of Aracaju (Mercado Central), Fortaleza (Mercado Central,
S˜ ao Sebasti˜ ao, and Praia do Futuro), Macei´ o( M e r c a d od a
Produc ¸˜ ao), Recife (Mercado S˜ ao Jos´ e, Afogados, ´ Agua Fria,
Encruzilhada,andCasaAmarela),andSalvador(FeiradeS˜ ao
Joaquim, Sete Portas, and Itapu˜ a).
To obtain the information we interviewed 102 (65 men
and 37 women) merchants about the use and commercial-
ization of medicinal animals, being 12 in the Aracaju city (11
menand1woman),29inFortaleza(17menand12women),
17 in Macei´ o (7 men and 10 women), 21 in Recife (16 men
and 5 women), and 23 in Salvador (14 men and 9 women).
Sampling was nonrandom intentional, in which the
interviewees were predeﬁned [23], composed only of people
who actually sold zootherapeutic products. Semistructured
questionnaires were used, complemented by free interviews
and informal conversations. The questionnaires contained
questions on the animal species used for medicinal purposes,
their respective uses, preparations, and parts utilized.
To respect intellectual property rights, we adopted the
following protocol in the ﬁeld: before the survey, we intro-
duced ourselves, explained the nature and objectives of our
research, and asked the respondents for permission to record
the information. The ethical approval for the study was ob-
tained from the Ethics Committee of Universidade Federal
da Para´ ıba (Protocol: CEP/HULW no. 065/10).
Vernacular names of species were recorded as quoted
during the interviews. Zoological material was identiﬁed
with the aid of specialists, through examination of voucher
specimens donated by the interviewees or purchased at the
surveyed markets, and through photographs taken during
interviews of the animal species or their parts. Whenever
necessary, these procedures were supplemented by checking
vernacular names provided by traders against the scientiﬁc
names, with the aid of taxonomists familiar with the study
areas.
2.3. Data Analysis. The ailments treated by zootherapeutics
were grouped into categories based on the model used by the
“Centro Brasileiro de Classiﬁcac ¸˜ ao de Doenc ¸as” (Brazilian
Center for the Classiﬁcation of Diseases) [24].
To estimate the level of agreement between interviewees
overwhichanimalstouseforeachcategory,wecalculatedthe
informant consensus factor (ICF), adapted from Heinrich
et al. [25] that looks at the variability of animals used for
each treatment, and therefore the consensus between prac-
titioners. This factor estimates the relationship between the
“number of use reports in each category (nar) minus the
number of taxa used (na)” and the “number of use reports
in each category minus 1.” ICF is thus calculated using the
following formula:
ICF =
nar − na
nar − 1
. (1)
Theproductofthisfactorrangesfrom0to1.Ahighvalue
(close to 1) indicates a high consensus, where relatively few
taxa (usually species) are used by a large proportion of
people, while a low value indicates that the informants
disagreeonthetaxatobeusedfortreatingaparticularillness.
2.4. Relative Importance (RI). T h er e l a t i v ei m p o r t a n c e( R I )
ofthespeciescitedwascalculated(adaptedfromBennettand
Prance [26]). Relative importance was calculated according
to the following formula, with “2,” being the highest pos-
sible value, indicating the most versatile species. The most
versatile species are those that have the greatest number of
medicinal properties: RI = N C S+N P ,w h e r eN C S( n u m b e r
of body systems) is the number of body systems treated by
a given species (NCSS) divided by the total number of body
systems treated by the most versatile species (NCSSV). The
number of properties (NP) is obtained by the relationship
between the number of properties attributed to a speciesEvidence-Based Complementary and Alternative Medicine 3
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Figure 1: Map locating the cities studied in Northeastern Brazil.
(NPS) divided by the total number of properties attributed
to the most versatile species (NPSV).
2.5. Utilitarian Redundancy of the Diseases and/or Symptoms.
Utilitarian redundancy of zootherapeutic products was
tested according to the model adapted from Albuquerque
and Oliveira [27]. According to these authors, the idea of
utilitarian redundancy is based on the theory of ecological
redundancy (this theory indicates that all species present
speciﬁc functions in the ecosystem, but some can show sim-
ilar functions, minimizing damages in the ecosystem due the
extinction)(see[28,29]).Therefore,thenotionoffunctional
redundancy relies on the presumption that some species are
utilized for the treatment of more than one disease and/or
symptom, such that the inclusion of more than one species
withinadiseasecategorycanbeamechanismofreducingthe
impact on the animals sold for medicinal purposes.
Toevaluatethishypothesis,eachdiseaseand/orsymptom
was categorized according to the level of redundancy of the
species used: highly redundant (≥15% of the number of
species utilized), redundant (15% < the number of species
≥5%), and not very redundant (<5% of the species). In
order to evaluate the idea of utilitarian redundancy in a
possibly better manner, the diseases and/or symptoms were
not reclassiﬁed, and thus the names cited by the informants
were kept.
2.6. Coeﬃcient of Similarity. The composition of the species
cited was compared between the cities studied by means of
the similarity index based on data of multiple incidence.
The similarity between the localities was estimated using the
distancecoeﬃcientofBray-Curtis[30].Thesimilaritymatrix
was constructed and grouping analysis performed in the past
program [31].
2.7. Estimate of Species Richness. Initially, incidence data
(presence or absence) of the species in the markets of
Aracaju, Fortaleza, Maceio, Recife, and Salvador were used
to estimate the richness of medicinal species sold in each
city. The term richness of species refers to the number of
species living in the determined area [32]. However, due to
the diﬃculty to access the total number of species, indexes
of estimated richness are important tools to identify the
most probable number of species living on the ecosystem,
community, or, as our work, on the public markets. Species
richness was calculated utilizing the estimators CHAO 2,
ICE,Jackknife1,andJackknife2(see[30]),withtheprogram
Estimate S 8.2.0 [33]. These indices have been utilized in
ethnobotanical and ethnozoological studies [16, 34].
3. Results and Discussion
In the cities studied, the trade in animal-based medications
was shown to be common practice. A total of 68 animal
species, distributed in 47 families, were sold for medicinal
purposes in the cities studied (Table 1). The most represen-
tative taxa were mammals (20), reptiles (17), and birds (12)
(see Figure 2). These are the ﬁrst results on the use and sale
ofanimalsfortraditionalmedicineinthemarketsofAracaju,
Fortaleza, and Salvador, where the commercialization of res-
pectively 19, 28, and 36 species was recorded. For the cities
of Recife and Maceio, the number of species recorded was
higher than that documented in previous works. In Recife,
Silva et al. [5] recorded the commerce of 18 medicinal
species, while in Macei´ o, Freire [22]r e p o r t e dt h eu s eo f1 7
species of reptiles sold for medicinal purposes. In the present
study, we recorded 31 and 27 species in Recife and Macei´ o,
respectively.
The increase in the number of species cited for medicinal
purposes, sold in the markets of Recife and Maceio may be
the result of the structure of the traditional medicine systems
of the public markets, because these are open and dynamic
systems, which are inclined to increase in species over the4 Evidence-Based Complementary and Alternative Medicine
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Figure 2: Number of animal species used as remedies per taxo-
nomic category in Northeastern Brazil.
years, although with a tendency to maintain the species of
greater importance [14]. These authors studied the sale of
medicinal plants in the same market in diﬀerent periods
(1995 and 2002) and found an increase of 58 species in a
period of seven years (1995 = 78 species and 2002 =136
species), but species of high relative importance continued
to be present in the markets evaluated.
Similarly, the data obtained in the present study corrobo-
rated the results of Albuquerque et al. [14] for the commerce
ofmedicinalplants.Wefoundanincreaseinthecomposition
of animal species in the markets of Recife and Maceio, where
the sale of species of high relative importance was main-
tained, such as Caudisona durissa and Tupinambis merianae,
which were recorded in the two periods in which the studies
were performed.
In general, the diversity of medicinal species recorded in
the present study conﬁrms the importance of the fauna as a
therapeutic resource in urban areas, corroborating previous
studiesthatindicatedthecommercializationofzootherapeu-
tic products as a common activity in various Brazilian cities
(see [8, 12, 17–21]). Compared to other studies of markets
in Northeast Brazil, the number of medicinal species traded
in the cities studied is substantial. In Feira de Santana, BA,
for example, a total of 16 animal species were reported being
sold for medicinal purposes in the public markets of the
city [18], in Santa Cruz do Capibaribe, PE, 37 species [19],
in Caruaru, PE, 36 species [20], in the cities of Crato and
Juazeiro do Norte 31 species [12], and in the metropolitan
region of Natal, 23 species [21].
The majority of the medicinal species sold in the cities
studied are the same as those sold and/or utilized in other
citiesinNortheastBrazil,withtheexceptionofﬁvemedicinal
species not previously recorded (Figure 3): Achatina fulica,
Trachycardium muricatum, Philodryas olfersii, Desmodus rot-
undus, and Leptodactylus vastus. Of these species, four were
cited only in the Salvador markets (A. fulica [cited by ﬁve
informants], T. muricatum [cited by two informants], P.
olfersii [cited by one informant], and D. rotundus [cited by
three informants]) and only one in the Fortaleza markets (L.
vastus [cited by three informants]).
The species of molluscs A. fulica and T. muricatum are
utilized in the treatment of stroke. The fat of L. vastus is
administeredforthetreatmentofsorethroat,cough,asthma,
arthritis, and backache. The snake P. olfersii is utilized for the
treatment of stroke and the bat D. rotundus is administered
for the treatment of stroke, asthma, and rheumatism.
The species with the highest number of citations were
Apis mellifera (n = 46), Tupinambis merianae (n = 28), Hip-
pocampusreidi(n = 27),Bostaurus(n = 23),Oreasterreticu-
latus(n = 20).Inotherstudiesonthetradeofzootherapeutic
products in stores and street markets, these species are also
often utilized in the production of traditional remedies [8,
12, 17–21].
Of the species recorded in the present work, the majority
represent wild animals (82.4%). Only 12 species of domestic
animals are sold as medicinal products, and they are Anser
anser, Anas platyrhynchos, Numida meleagris, Gallus domesti-
cus, Pavo cristatus, Ovis aries, Capra hircus, Bos taurus, Buba-
lus bubalis, Canis lupus, and Sus scrofa. These results cor-
roborate the tendency observed in other studies, which have
demonstrated that wild animals compose the greater part of
the medicinal fauna utilized in popular medicine in Brazil
[8, 12, 17–21] and in the world [35–40].
All animals cited occur in ecosystems close to the cities
studied, with the exception of Electrophorus electricus. This
speciesoccursintheNortheastBrazilregion,onlyinthestate
ofMaranh˜ ao[41].Thus,theresultsindicateatendencyofthe
commercialization of animals that occurs in the proximity
of the localities sampled. This demonstrates the importance
of the local fauna in supplying the products utilized in the
preparation of traditional remedies, which would reduce the
costs for the acquisition and commercialization of zoothera-
peutic products, but this hypothesis needs to be adequately
tested. These data corroborate other works conducted in
markets in Northeast Brazil [7–9, 12, 17, 42], which also
recorded a predominance of the use of animals of the local
fauna for trade, showing the importance of the biodiversity
of each region as a resource for zootherapy.
Various parts and metabolic secretions of the animals are
utilized in the preparation of medications (Figure 4), and
they are skin, fat, honey, wax, shell, wings, spines, rattle,
blood, feces, horn, feathers, hoof, tibia, cartilage, eye, tail,
liver, claw, foot, eggs, bile, and bone. Animals such as A.
fulica,T.muricatum,P. olfersii,D.rotundus,O.reticulates,and
H. reidi can be used whole.
Among the products cited by the informants, fat was
cited most often, which can be extracted from the following
animals: H. malabaricus, E. electricus, R. jimi, C. mydas, T.
Merianae, and B. constrictor. The frequent utilization of fat
can be attributed to the fact that the main animals utilized
are vertebrates, which have a large quantity of fat in their
body [19]. Another possible explanation for the marked use
of body fat for medicinal purposes can be due its chemical
composition. Body fat consists mainly of fatty acids, which
have an extensive proven medicinal applicability [43–45],
such that this intense use and/or medicinal trade can be the
result of the empirical observation of the eﬃcacy of fat by
human users of this zootherapeutic product.
The medicinal animals listed in the present study are
applied for the treatment of 58 diseases and/or symptoms
(Table 2). The categories with the higher values of ICF were
diseasesoftherespiratorytract(0.91),diseasesofthemuscu-
loskeletal system and connective tissue (0.89), and undeﬁned12 Evidence-Based Complementary and Alternative Medicine
(a)
(d) (e)
(b) (c)
Figure 3: New records of species used in traditional medicine. (a) Trachycardium muricatum,( b )Achatina fulica,( c )Leptodactylus vastus,
(d) Desmodus rotundus,( e )Philodryas olfersii (Photos: (a), (b) Joafrˆ ancio P. Ara´ ujo; (c) Hugo Fernandes-Ferreira; (d) Patr´ ıcio A. da Rocha;
(e) Samuel C. Ribeiro).
diseases(0.88).Thesehighvaluesofconsensusforthesecate-
gories were also found in other works carried out in the pub-
lic markets of North and Northeast Brazil [8, 9, 12, 19, 20].
A total of 1575 citations of uses for medicinal animals
werecataloged(Table 3).Thecategorieswithhighestnumber
of citations were diseases of the respiratory tract (613 cita-
tions; 56 species), diseases of the musculoskeletal system and
connective tissue (269 citations; 29 species), and undeﬁned
diseases (259 citations; 38 species). The diseases with highest
number of citations were asthma (226 citations; 14.3%),
sore throat (158 citations; 10.1%), and cough (111 citations;
7.1%).OtherworkscarriedoutintheNortheastalsoindicate
that these diseases are widely treated with medicinal animals
[7–9, 12, 19, 20, 40].
Even with the high number of citations to illnesses
treated with animal products commercialized in Brazil, there
are few laboratory studies testing its eﬃcacy. Ferreira et al.
[45] indicate that the body fat of Boa constrictor does not
present a clinically relevant bacterial activity, but when com-
binedwithantibiotics,thefatdemonstratedasigniﬁcantsyn-
ergistic activity. Similar results are reported to the decoction
ofthelizardTropidurushispidusandthetermiteNasutitermes
corniger (see [46–48] ) .B u te ta l .[ 49] report the antifever
activity of the preparations using the horn of Bos taurus.
Murari et al. [50]a n dF e r r e i r ae ta l .[ 44] report that extracts
of Pavo cristatus and the body fat of Tupinambis merianae
demonstrated anti-inﬂammatory activity. Tempone et al.
[51] showed that steroids from the skin of Rhinella jimi are
activeagainstleishmaniasisandtrypanosomiasis.Besidesthe
high number of animal species commercialized with medic-
inal uses in Brazil, studies about the improved biological
activity of theses products are still preliminary and insuﬃ-
cient. So, the development of more studies is necessary to
understand,evaluate,andvalidatethetraditionalandmedic-
inal knowledge associated with the use of animal products.
Zootherapeutic remedies can be prepared in the follow-
ing ways: (a) whole animals or body parts are utilized by
maceration, where the resultant powder is ingested in the
form of teas or together with food, and (b) body secretions
and fat are administered as an ointment or ingested.
According to the informants, 60 species (88.2%) are of
multiple uses, that is, they are administered in the treatment
of more than one disease and/or symptom. The most ver-
satile species, that is, with the highest RI values are Sotalia
guianensis (1.90), Trichechus manatus (1.87), Caudisona
durissa (1.70), and Tupinambis merianae (1.67). Alves et al.Evidence-Based Complementary and Alternative Medicine 13
(a) (b)
(c) (d)
(e) (f)
(g) (h)
Figure 4: Examples of animal products used as remedies sold in Aracaju-SE, Fortaleza-CE, Macei´ o-AL, Recife-PE, and Salvador-BA public
markets. (a) Body fat; (b) metabolism secretion such as blood, feces, and urine; (c) honey of Nasutitermes corniger; (d) horn of Mazama
gouazoubira;( e )s k i no fTupinambis merianae; (f) spine of Coendou prehensilis; (g) dried Seahorses (Hippocampus reidi); (h) dried starﬁsh
(Oreaster reticulatus). (Photos: Hugo Fernandes-Ferreira).
[20] and Almeida and Albuquerque [7] also cite C. durissa
andT.merianaeasversatilemedicinalspeciesinotherstudies
carried out on the commerce of zootherapeutic products.
In contrast, the results obtained in this study show that
the same disease and/or symptom can be treated with more
than one animal species, demonstrating utilitarian redun-
dancy as proposed by Albuquerque and Oliveira [27].
Among the diseases treated with zootherapeutic products in
the cities sampled in the present work, 19 are “highly redun-
dant,” 23 are “redundant,” and 15 are “not very redundant.”14 Evidence-Based Complementary and Alternative Medicine
Table 2:Categoriesofdiseasestreatedwithanimal-basedmedicinesthataresoldinpublicmarketsinAracaju-SE,Fortaleza-CE,Macei´ o-AL,
Recife-PE, and Salvador-BA, according to the “Centro Brasileiro de Classiﬁcac ¸˜ ao de Doenc ¸as” (1993).
Categories Diseases cited “by the vendors” Total
A “Attract money,” “attract partner,” “simpatias,” “evil eyes,” itch, bruise, pain, skin disease, edema, weakness,
swelling, inﬂammations, infections, circulation problems, and lung problems 15
B Asthma, bronchitis, nasal congestion, sore throat, ﬂu, pneumonia, sinusitis, and cough 8
C Arthritis, arthrosis, healing, backache, toothache, joint pain, osteoporosis, and rheumatism 8
D Earache and deafness 2
E Alcoholism, injuries, muscular pain, strain, snake bites, and burns 6
F Stomach ache and gastritis 2
G Acne, boils, eczema, and cracks in the feet 4
HS e x u a l i m p o t e n c e 1
I Stroke, thrombosis, and hemorrhoids 3
J Urinary infection and menstrual cramps 2
K Headache and epilepsy 2
L Diarrhea, erysipelas, and tuberculosis 3
MC a n c e r 1
NF e v e r 1
Total 58
A: undeﬁned illnesses; B: diseases of the respiratory system; C: diseases of the osteomuscular system and conjunctive tissue; D: diseases of the ear; E: lesions
caused by poisoning and other external causes; F: diseases of the digestive system; G: diseases of the skin and the subcutaneous tissue; H: mental and
behavioural perturbations; I: diseases of the circulatory system; J: diseases of the urogenital system; K: diseases of the nervous system; L: diseases caused by
parasites; M: neoplasias (tumours); N: symptoms not categorized in other part or section.
Diseasessuchasasthma,sorethroat,rheumatism,andcough
are examples of categories “highly redundant.”
As shown in Figure 5, many species are included in the
categories “highly redundant” and “redundant” (67 and 50,
resp.), while few species are included in the category “not
very redundant” (17 species). Based on the model of utili-
tarian redundancy, the pressure probably caused in the com-
mercializedspecies inthe markets evaluatedis small,because
the majority of the species are listed in the categories “highly
redundant” and “redundant,” where they also have various
alternative therapeutic uses. In general, 23 species are on the
red list of the IUCN [52], where six are in the category data
deﬁcient, 12 in the category low risk, and one in each of
the following categories: near threatened, vulnerable, endan-
gered, and critically endangered. In addition, the proportion
of species considered threatened did not diﬀer between the
redundancy categories analyzed (chi squared = 0.435; P>
0.05).
According to Albuquerque and Oliveira [27], the model
of utilitarian redundancy suggests that the inclusion of spe-
ciesinthesametherapeuticcategorycanleadtoreducingthe
pressure on the medicinal use of animals, such that species
included in redundant categories would have options of
equivalent products in other species. In this context, the
speciesincludedinthecategory“notveryredundant”should
be prioritized in the development of conservation strategies,
because there would not be equivalent species for medicinal
use. However, the species in the more concerning categories
of the IUCN red list (Rhea Americana: near threatened;
Mazama gouazoubira:v u l n e r a b l e ;Chelonia mydas: endan-
gered; Trichechus manatus: critically endangered) were not
reported as medicines to the treatment of the “not very
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Figure 5: Distribution of the number of species cited per utilitarian
redundancy category according to informants of the Aracaju-SE,
Fortaleza-CE, Macei´ o-AL, Recife-PE, and Salvador-BA.
redundant” diseases, reinforcing our point of view that the
commercialization of animals to medicinal uses do not cause
a great pressure over the wild livestocks of animals.
However, this interpretation, about prioritized in the
developmentofconservationstrategies,shouldbetakenwith
caution, since Albuquerque and Oliveira [27] emphasized
that even in a redundant category, if there are species that
have a greater local preference, the pressure of use would cer-
tainly be shifted to them. In addition, the idea of redundancyEvidence-Based Complementary and Alternative Medicine 15
Table 3: Consensus factors of the informants for the categories described.
Categories
ABCDEFGHI JKLM N
All localities combined
S p e c i e s u s e d 3 85 62 92 02 21 11 9 9 2 2 8 6 1 71 1 2
Percentage of species used (%) 55.8 82.3 42.6 29.4 32.3 16.2 27.9 13.2 32.3 11.7 8.8 25 16.2 2.9
Use citations 259 613 269 51 107 25 42 22 98 17 20 30 20 2
Percentage of use citations (%) 16.4 38.9 17.1 3.2 6.8 1.6 2.6 1.4 6.2 1.1 1.3 1.9 1.3 0.12
ICF 0.88 0.91 0.89 0.62 0.8 0.58 0.56 0.61 0.78 0.56 0.73 0.44 0.47 —
Aracaju-SE
S p e c i e s u s e d 1 0 1 2 9433215 — — — — —
Percentage of species used (%) 52.6 63.1 47.3 21 15.8 15.8 10.5 5.3 26.3 — — — — —
Use citations 27 45 28 5 8 4 3 1 13 — — — — —
Percentage of use citations (%) 20.1 33.6 20.9 3.7 5.9 3 2.2 0.7 9.7 — — — — —
ICF 0.65 0.75 0.7 0.25 0.71 0.33 0.5 — 0.66 — — — — —
Fortaleza-CE
S p e c i e s u s e d 1 92 31 2 4 4 3 6 1 — 1 ————
Percentage of species used (%) 67.8 82.1 42.8 14.3 14.3 10.8 21.4 3.6 — 3.6 — — — —
Use citations 69 155 79 7 4 9 10 1 — 1 — — — —
Percentage of use citations (%) 20.6 46.3 23.6 2 1.2 2.7 3 0.3 — 0.3 — — — —
ICF 0.74 0.85 0.85 0.5 — 0.75 0.44 — — — — — — —
Macei´ o-AL
S p e c i e s u s e d 1 4 2 6 1 2 7626183141 —
Percentage of species used (%) 51.8 96.3 44.4 25.9 22.2 7.4 22.2 3.7 29.6 11.1 3.7 14.8 3.7 —
Use citations 59 150 98 17 20 4 11 4 24 5 6 5 2 —
Percentage of use citations (%) 14.5 37 24.1 4.2 5 0.9 2.7 0.9 5.9 1.2 1.5 1.2 0.4 —
ICF 0.78 0.83 0.88 0.62 0.73 0.66 0.5 1 0.69 0.5 1 0.25 1 —
Recife-PE
S p e c i e s u s e d 1 7 2 4 1 2 9927383 — 12 —
Percentage of species used (%) 54.8 77.4 38.7 29 29 6.4 22.5 9.8 25.8 9.8 — 3.2 6.4 —
Use citations 59 136 30 14 47 3 14 4 13 4 — 5 3 —
Percentage of use citations (%) 17.7 40.9 9 4.2 14.1 0.9 4.2 1.2 3.9 1.2 — 1.5 0.9 —
ICF 0.72 0.83 0.62 0.39 0.82 0.5 0.54 0.33 0.41 0.33 — 0.75 0.5 —
Salvador-BA
S p e c i e s u s e d 1 5 2 6 1 341 03 6 61 54 61 47 2
Percentage of species used (%) 41.6 72.2 36.1 11.1 27.7 8.3 16.6 16.6 41.6 11.1 16.6 38.8 19.4 5.5
Use citations 46 127 34 4 28 4 7 12 48 8 14 20 15 2
Percentage of use citations (%) 12.4 34.4 9.2 1.1 7.6 1.1 1.9 3.2 13 2.7 3.8 0.5 4.1 0.5
ICF 0.69 0.8 0.63 0.57 0.66 0.5 0.17 0.64 0.7 0.57 0.61 0.32 0.5 —
A: undeﬁned illnesses; B: diseases of the respiratory system; C: diseases of the osteomuscular system and conjunctive tissue; D: diseases of the ear; E: lesions
caused by poisoning and other external causes; F: diseases of the digestive system; G: diseases of the skin and the subcutaneous tissue; H: mental and
behavioural perturbations; I: diseases of the circulatory system; J: diseases of the urogenital system; K: diseases of the nervous system; L: diseases caused by
parasites; M: neoplasias (tumours); N: symptoms not categorized in other part or section.
can be applied to the resilience of the local medical system,
that is, highly redundant categories would be, in principle,
more resilient than those not very redundant.
Inrelationtothesimilarityofthecitiessampled(Aracaju,
Fortaleza, Maceio, Recife, and Salvador), grouping analysis
showedthatthegreaterdegreeofsimilarityobservedwasbet-
ween Maceio and Recife (Figure 6). In the grouping analysis,
we can see that the cities close to each other showed greater
similarity with regard to the animal species commercialized.
Based on these results, these groupings can likely be a ref-
lection of the presence of similar ecosystems in the cities
sampled or the presence of more intense commercial routes
of zootherapeutic products between closer cities.
Data on the commerce of medicinal animals are diﬃcult
to obtain, because many of the venders do not admit that
they utilize or sell products originating from the fauna
knowing that it can be illegal [17]. Therefore, the use of
estimators of species richness represents an important tool.16 Evidence-Based Complementary and Alternative Medicine
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Figure 6: Cluster analysis of the species cited in the surveyed cities.
(Correlation coeﬃcient: R = 0.93).
Our analyses demonstrate this, pointing out that the number
of species commercialized tends to be greater than that re-
corded (Table 4 and Figure 7).
It was observed that for Aracaju, Fortaleza, Recife, and
Salvador the estimators indicated the existence of more
traded species than that recorded in the present work. In
accordance with the study by Whiting et al. [16], in the mar-
ket in Faraday, South Africa, the richness estimator Jack 2
was better for use in studies on zootherapeutic products.
According to these authors, Jack 2 yielded values closer to
the number of species observed. However, based on our
results obtained with the estimators ICE and CHAO 2 for the
data on the sale of animals in Maceio (see Table 4), we can
infer that these two estimators are also reliable, because we
obtained values close to those obtained through informants
in the markets of Macei´ o.
The values obtained with richness estimators show that
the richness of species sold for traditional medicines in
Northeast Brazil is high. However, the scarcity of studies on
zootherapy in the country, as all over the world, has led to
the importance of the zootherapeutic resources being un-
derestimated in the country.
Estimates of species richness were utilized in ethnobiolo-
gical studies conducted by Begossi [34]. In the case of re-
search on the use and/or commerce of animals or plants, this
tool has been little exploited. According to Williams et al.
[53], the use of indices of species richness and diversity in
ethnobiological research can serve to (i) evaluate the amount
ofbiodiversityhumanpopulationsexploit;(ii)makeitpossi-
ble to compare communities (or markets) using quantitative
data; (iii) infer the minimal number of species necessary for
the maintenance of the uses by traditional communities. In
summary, the use of these indices open new perspectives
for ethnozoological studies, since they can provide estimates
Table 4: Comparison of observed species richness in Aracaju-SE,
Fortaleza-CE, Macei´ o-AL, Recife-PE, and Salvador-BA public mar-
kets and the estimated species richness predicted by the estimators.
Cities
Aracaju Fortaleza Macei´ o Recife Salvador
Sobs 19 28 27 31 36
Estimators
ICE 25 34 28 49 48
Chao2 21 33 28 43 45
Jack1 25 36 29 44 49
Jack2 25 40 29 51 55
Sobs: observed species.
on the richness and diversity of animal species utilized, es-
pecially considering the diﬃculty in obtaining information
about the trade of wild animals, which are generally carried
out in a clandestine manner.
In the present work, we recorded at least 68 species sold
in the cities studied. Of these species, 23 (33.8%) are on the
red list of threatened species [52]. The categories in which
these species are included are from data deﬁcient up to en-
dangered. Even for some species not considered in high risk
categories, the medicinal use and trade are cited as one
of the causes of threat and/or population decline for only
one species (H. reidi). For the majority of commercialized
species, however, medicinal trade is not considered a form of
threat, although it represents an additional pressure, which
should be monitored, especially for species that are exten-
sively exploited.
It is important to point out that the medicinal use of
animals cannot be considered the only threat to the conser-
vation of the species utilized for these purposes. Some au-
thors [54] point out that the remedies based on animals are
mainly formed of subproducts that do not serve other pur-
posesotherthanmedicinal,andtherefore,thetruereasonfor
hunting them may not be for medicinal use, such in the case
of food.
Understanding the aspects that involved the commerce
of medicinal animals is important for the formulation of
management plans for sustainable use of medicinal animal
species [3]. Some works on the sale of medicinal animals
indicate a concern with respect to the maintenance of these
faunistic resources, taking into consideration that in Brazil
the sale of medicinal animals in stores and street markets is
not monitored [13].
In other countries, some published works indicate that
the trade of fauna for various purposes, including medicinal,
is one of the main causes of threats to wild populations.
Servheen [55] pointed out that 14 species of bears, on the
IUCN red list, are traded in and outside of China for medici-
nal use without the monitoring of the number of individuals
sold. According to Lee [56], the use of rhinoceros horn
in traditional medicine has been indicated as one of the
main causes for the population decline of these animals.
Alves et al. [3], providing an overview of the global use of
primates in traditional folk medicines, noted that >100 spe-
cies were traded for this purpose, and as noted by AhmedEvidence-Based Complementary and Alternative Medicine 17
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Figure 7: Graphs showing the values obtained with the richness estimators species assessed for each market. (a) Aracaju; (b) Fortaleza;
(c) Macei´ o; (d) Recife; (e) Salvador.
[57] unchecked exploitation is leading to decreasing popula-
tions of primates utilized in traditional medicine in India.
In Indonesia, Lee et al. [58] pointed out that the sale of
mammals for various purposes, including medicinal, is one
of the causes for declines in mammal populations. Athiya-
man [59] reported that species of tigers are among the ani-
mals most endangered due to its trade for medicinal pur-
poses without monitoring. Zhang et al. [60] stated that in
China one of the major causes for the decline in species is
illegal trade for food, craftwork, and medicinal purposes.
In Brazil, there is still no information that indicates the
declineofspeciesduetotraditionalmedicinetrade,although
this activity has been indicated as one of the causes of a
population decline of H. reidi [61, 62]. Although the intense
commercialization of animals for medicinal purposes does
not represent a signiﬁcant impact for most of the species,
s u c hu s e ss h o u l db ec o n s i d e r e di ns t r a t e g i e so fm a n a g e m e n t
and conservation, particularly for those medicinal animals
that are exploited more and on the list of threatened species
[15].
Considering that animals represent an important source
of remedies used in traditional medicines, zootherapy has
become extremely relevant from a conservationist viewpoint
[3].Inalltheworld,populationsofvariousspecieshavebeen18 Evidence-Based Complementary and Alternative Medicine
utilized and the demand created by traditional medicine is
probably one the causes of overexploitation found for some
species of large mammals [1, 55, 57, 63].
According to Alves and Rosa [1], the ecological aspects
associatedwithzootherapyrepresentoneofthemainreasons
forstudyingtheuseofanimalsformedicinalpurposes.How-
ever,ithasnotbeenpossibletoevaluatethemagnitudeofthe
impact of the medicinal use of the fauna, since the ways in
which animals are used vary greatly [41], and the zoother-
apeutic products can be obtained indirectly from hunting
for other purposes [11, 64]. Therefore, medicinal demand
should be considered within a greater context of use of the
fauna. The frequent commercialization of zootherapeutic
products derived from particular species and their respective
conservation status demonstrate that some animals deserve
special attention.
In general, the use and commercialization of medicinal
animals in Northeast Brazil is a reality consisting of an alter-
native for the treatment of various diseases, as well as rep-
resenting an important source of income for various people.
Knowledge of the fauna utilized popular medicine is indis-
pensable for conservation, demonstrating that research on
this subject is necessary to determine appropriate practices
forthe management of the fauna, thereby allowing the main-
tenance of the medicinal resources utilized and of the medic-
inal knowledge associated with these resources.
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